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© Suspension controller for Improved turning. 

Provided is a so-called active suspension con- 
COtroller for a vehicle especially effective during turn- 
£?lng. The controller comprises: an actuator provided 
between the body and every wheel of the vehicle; 
©sensors for a turning condition of the vehicle, here 
Q^the turning condition including a steering angle, ve- 
LUhlcie speed, yaw rate and others; and a control 
apparatus responsive to the sensed turning condition 
for driving the actuators in order to control the allot- 



ment ratio between the front and the rear axles of 
the load shift between the right and the left wheels. 
The allotted load shift realizes stable turning under 
various circumstances. 
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SUSPENSION CONTROLLER FOR IMPROVED TURNING 



TECHNICAL HELD 

The present invention relates to an active sus- 
pension controller especially effective In the turning 
of a vehfde. 

BACKGROUND ART 

So-called active suspension controllers for im- 
proving riding comfort and for stabilizing vehicle 
attitude are wellknown these days, the control ac- 
tuators of which are provided on the wheels of the 
vehicle. The controllers calculate the target dis- 
placement of every actuator based on the sensed 
load and displacement of the respective actuator, 
and drive the actuator to realize the target displace- 
ment One example of such active suspension con- 
trollers is seen in the International Patent Publica- 
tion No. WO 84/02886, in which the apparatus 
includes double-acting hydraulic actuators which 
enable controlled change in the actuator displace- 
ment, and a control system for outputtfng the nec- 
essary displacement change signal to those ac- 
tuators depending on the sensed load and dis- 
placement of the actuators. The apparatus can thus 
stabilize the vehicle attitude, compensating turbu- 
lent forces exerted on the body of the vehicle. In 
turning, for example, the control system estimates 
a roll torque of the body from a sensed lateral 
acceleration and generates necessary control sig- 
nals to activate the actuators for changing the load 
on every wheel. As a result, the load allotment for 
every wheel is rearranged according to the turning 
condition and the body attitude is stabilized and 
the ride comfort Is maintained. 

The traditional active suspension controllers 
have the following shortcomings. The amount of 
the shifted load from the right to the left wheels, or 
vice versa, Is always set to be the same between 
on the front axle and on the rear axle by those 
controllers in turning. Therefore, the turning char- 
acteristic is kept constant throughout the turn re- 
gardless of the turning condition, including the ve- 
hicle speed. In general, an oversteering character- 
istic is preferred when starting turning, neutral- 
steering during turning, and understeering when 
reversing the steering operation for better disabil- 
ity. When an oversteering characteristic is kept 
throughout the turning movement, the driving sta- 
bility deteriorates when the steering operation is 
reversed, because the yaw rate of the body 
changes rapidly. On the other hand, when an un- 
dersteering characteristic is kept throughout the 



turning movement, the driving performance is dete- 
riorated when starting turning, because the turning 
action is retarded at the beginning. As the turning 
characteristic is slightly understeering in the normal 
s production car setting, it has been difficult to pre- 
cisely realize what the driver intends in starting 
turning. 



io DISCLOSURE OF THE INVENTION 

In order to solve the above-mentioned prob- 
lems, the present invention provides an Improved 
suspension controller. The principle structure of the 

rs suspension controller is shown in Fig. 1, including 
an actuator M1 provided between the body and 
every wheel of the vehicle, means M2 for sensing a 
turning condition of the vehicle, the turning con- 
dition including a steering angle, and control means 

20 M3 responsive to the sensed turning condition for 
driving the actuators in order to control the allot- 
ment ratio between the front and the rear axles of 
the load shifted between the right and the left 
wheels. 

25 The actuator M1 can change the load exerted 

from the body to every wheel. It is reaBzed by, for 
example, a hydraulic actuator which Includes a 
piston and a cylinder, a pressure source and a 
servo valve which can connect and shut off the 

30 pressure source and the actuator. In this case, the 
piston displacement changes the load on the cor- 
responding wheel. 

The turning condition sensing means M2 sense 
at least the steering angle of the vehicle. They may 

35 further sense the vehicle speed and yaw rate of the 
body. Lateral acceleration sensor of the body, lon- 
gitudinal acceleration sensor, load sensor for de- 
tecting the load exerted by the body an every 
wheel and the combination of any of the prescribed 

40 sensors can be included in the sensing means M2. 
Specifically, the acceleration sensor may be a 
strain gauge type or a servo accelometer. The yaw 
rate sensor may be a rate gyrometer, a vibration 
gyrometer or a optical fiber gyrometer- The steer- 

45 ing angle sensor may be a well-known rotary en- 
coder that is capable of detecting the origin. 

The control means M3 may, in a case, control 
the actuators M1 so that the front axle is allotted 
with a smaller load shift when the vehicle is sensed 

so to begin turning, and the rear axle is allotted with a 
smaller load shift when the steering operation is 
reversed. In this case, the responsiveness of the 
steering operation is improved and the stability of 
the body attitude Is maintained. This will lead to a 
good riding comfort while turning. 
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Another exemplified operation of the control 
means M3 is that it control the allotment ratio so 
that the sensed turning condition approaches a 
target condition. The target condition may be ex- 
pressed by a target yaw rate of the body cal- 
culated from the sensed steering angle and the 
sensed vehicle speed. 

Another target condition can be set on the 
basis of a criterion value, where the criterion value 
is a product of the sensed yaw rate and an error of 
the sensed yaw rate from a target yaw rate which 
is calculated from the sensed steering angle and 
the sensed vehicle speed. Use of this criterion 
value can promptly detect the start and the reversal 
of the steering operation. 

Ths criterion v alu e Ss sfesrostivsly 3 product of 
the sensed lateral acceleration and an error of the 
sensed yaw rate from a target yaw rate which Is 
calculated from the sensed steering angle and the 
sensed vehicle speed. Another criterion value is 
determined by a product of the sensed yaw rate 
and an error of the sensed yaw rate from a target 
yaw rate which is calculated from an understeer 
setting coefficient derived from the sensed steering 
angle, the sensed vehicle speed, a square of the 
sensed vehicle speed and characteristics of the 
vehicle. In this case, the vehicle speed is more 
effectively reflected to the criterion value and the 
steering characteristic is adequately determined 
with every vehicle speed. The maneuverability can 
be improved at low speed and the stability is kept 
at high speed, while the driver's feel of the steering 
is maintained at both speeds. 

In any above cases* when the calculated target 
yaw rate is greater than a preset limit yaw rate, the 
target yaw rate can be determined to be the preset 
limit yaw rate, which can be determined by a 
division of the tolerable lateral acceleration by the 
sensed vehicle speed. The tolerable lateral accel- 
eration Is a function of the dynamic friction coeffi- 
cient between the wheel and the road surface. This 
limit setting prevents so-called wheel lift or a wheel 
spin. 

Another use of the control means M3 is to 
compensate the undesirable turning characteristic 
due to uneven load distribution of the vehicle. 
When two people ride on the front seats leaving 
the rear seats vacant the load distribution at the 
front axis becomes larger than at the rear axle. In 
such cases, the turning characteristic tend to be 
affected by the load distribution. The control means 
M3 thus compensates the deleterious effect by 
adequately allotting the toad shift between the front 
and the rear axles during turning: the rear axle is 
allotted a larger load shift when the load distribu- 



tion at the front axle is greater than at the rear axle; 
and the front axle is allotted a larger load shift 
when the load distribution at the rear axle is greater 
than at the front axle. 

5 As is well known, when the vehicle is acceler- 

ated or decelerated during turning, the turning 
characteristic changes. The control means M3 of 
this invention can compensate for these changes 
as well. The front axle is allotted with a larger load 

ro shift when the vehicle is decelerated, whiie the rear 
axle is allotted with a larger load shift when the 
vehicle is accelerated. 

The control means M3 may be embodied by a 
logic circuit constructed by discrete electronic eie- 

75 ments, or they may be embodied by a rnicrcccrn- 

m r»a»- ^rJn^Mn - f*OI I ** ODU « DAM »U_ 

peripheral chips with a set of processing programs 
implemented with the above procedures. 

With the suspension controller as described 
20 above, the amount of the load shift between the 
right and the left, or the inner and outer, wheels are 
allotted differently between the front and the rear 
axles during turning. The action is explained as 
follows. 

25 The cornering power, or the cornering force 

divided by the slip angle, of a wheel has a non- 
linear relationship with the bad exerted from the 
body to the wheel, as shown in Fig. 2. When the 
amount of the load shift between the right and the 

30 left wheels is small, as shown by a in Fig. 2, the 
overall cornering power is a sum of CP2I and 
CP20. On the other hand, when the amount of the 
load shift between the right and the left wheels is 
large, as shown by b, the overall cornering power 

35 is a sum of CP1I and CP10- As the relation curve 
is upward convex, the sums have a relationship 
CP1I + CP 10 < CP21 + CP20 ~ (1). 
The inequality (1) teaches that the overall cor- 
nering power is greater when the load shift is 

40 smaller. 

On the other hand, the turning characteristic of 
a vehicle is determined by 

CR • LR -CP • LF _ (2). 
where CR is a cornering power of the rear wheels. 

45 LR is the distance between the rear axle and the 
body gravity center. CF is a cornering power of the 
front wheels, and LF Is the distance between the 
front axle and the body gravity center. When the 
value of (2) is negative, the turning characteristic Is 

so oversteering; when 0, neutraisteerlng; and when 
positive, understeerfng. Thus, when the front axle is 
allotted a smaller load shift in turning by the 
present suspension controller, the cornering power 
of the front end increases, resulting hi the over- 

55 steering characteristic When, on the other hand, - 
the rear axle is allotted with smaller toad shift, the 
cornering power of the rear end increases, resulting 
in the understeering characteristic 
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Accordingly, the present Invention Is highly ef- 
fective for Improving maneuverability and stability 
especially during turning of a vehicle. Moreover, 
this invention enables to maintain such good ma- 
neuverability and stability under various turning 
condition. The turning condition includes vehicle 
speed, yaw rate of the body, steering angle, lateral 
and longitudinal acceleration of the body, and the 
combination of them. Furthermore, inclined load 
distribution of the vehicle is likely to exert a bad 
influence on the turning characteristic. In the 
present invention, therefore, such effect of uneven 
load distribution on turning characteristic can be 
effectively compensated. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be best understood by ref- 
erence to the following description of a preferred 
embodiments and the drawings in which: 

Fig. 1 shows a principle structure of the 
present invention; 

Fig. 2 is a graph showing a relationship 
between a load on a wheel and the cornering 
power of a wheei; 

Fig. 3 is a system diagram of the first em- 
bodiment of the Invention; 

Fig. 4 Is a detailed illustration of a suspen- 
sion component 5 of the embodiment; 

Fig. 5 is a block diagram of the electronic 
control unit (ECU) 40 and the peripheral units; 

Fig. 6 is an illustration for explaining various 
forces and moments on the vehicle body; 

Figs* 7A and 7B are flow charts integrally 
showing the control of the first embodiment; 

Figs. 8A through 8E are timing charts for 
explaining actions of the first embodiment 

Figs. 9A and 9B are flow charts integrally 
showing the control of the second embodiment of 
the invention; 

Rg. 10A through 10D are timing charts for 
explaining actions of the second embodiment; 

Rgs. 11A and 11B are flow charts integrally 
showing the control of the third embodiment of the 
invention; 

Rg. 12 Is a graph showing a relationship 
between the vehicle speed and the target yaw rate 
at various Kh values; 

Rg. 13 is a substitute flow chart for the 
control of a variation of the third embodiment 

Rg. 14 Is a three dimensional graph showing 
a relationship among the vehicle speed, the steer- 
ing angle and the target yaw rate of the above 
case; 

Rg. 15 is an Illustration for explaining various 
forces and moments on the vehicle body in case of 
the fourth embodiment; 



Rgs. 16 and 17 are flow charts for the con- 
trol of the fourth embodiment of the invention; 

Rg. 18 is a flow chart for the control of the 
fifth embodiment of the invention; and 
5 Rgs. 19A through 19F are timing charts for 

explaining actions of the fifth embodiment. 



BEST MODE FOR CARRYING OUT OF THE IN- 
io VENTION 

Set forth below is the explanation of preferred 
embodiments of this invention based on the at- 
tached drawings. 

is A system diagram of the first embodiment is 

shown in Rg. 3. As shown in the figure, a vehicle 1 
is furnished with suspensions 5, 6. 9 and 10 be- 
tween a vehicle body 2 and each of a left front 
wheel 3, a right front wheel 4, a left rear wheel 7 

20 and right rear wheel 8. Moreover, the suspensions 
5, 6, 9 and 10 are equipped with devices men- 
tioned below: displacement converters 11, 12, 13 
and 14, each of which outputs analog signals in 
proportion to the displacement of a stroke of the 

25 suspension; load sensors 15, 16, 17 and 18 having 
load cells for sensing the load between the vehicle 
body 2 and the wheels 3, 4, 7 and 8; unsprung 
mass acceleration sensors 19, 20, 21 and 22 pro- 
vided to each suspension arm so as to detect the 

30 acceleration of the unsprung mass; and servo 
valves 23, 24, 25 and 26 for controlling the dis- 
placement of the suspension stroke. Furthermore, a 
vehicle speed sensor 27 for detecting the speed of 
the vehicle 1, a steering angle sensor 28 for detect- 

35 ing a polar angle of steering, a longitudinal accel- 
eration sensor 29 which is installed in the proximity 
of the center of gravity, a lateral acceleration sen- 
sor 30, and a yaw rate sensor 31. 

The signals outputted from each of the above- 

40 mentioned sensors are inputted into an electronic 
control unit (ECU) 40. The ECU 40 drives the servo 
valves 23. 24, 25 and 26 so as to control the 
suspensions 5, 6, 9 and 10. 

Since ail of the suspensions 5, 6, 9 and 10 

45 have the same constitution, the left front suspen- 
sion 5 is explained as an example in this embodi- 
ment, with reference to Rg. 4. One end of the 
suspension arm 51 of the suspension 5 is pivoted 
to the body 2 and the other end supports the left 

so front wheel 3. An oil hydraulic actuator 54 is 
housed within a coil spring 53. The coil spring 53 
and the hydraulic actuator 54 are formed alongside 
between the lower end of a supporting member 52 
whose upper end Is pivoted to the body 2 and the 

55 suspension arm 51 . The actuator 54 is substantially 
composed of a cylinder 55 and a piston 58 which 
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partitions the cylinder 55 into an upper chamber 56 
and a lower chamber 57. The lower end of a rod 59 
extending from die piston 58 is pivoted to toe 
suspension arm 51. 

The load applied to the oli hydraulic actuator 
54, namely, the load applied between the vehicle 
body 2 and the left front wheel 3 is detected by the 
left front wheel load sensor 15 including a toad cell 
installed in the supporting member 52. The dis- 
placement of the piston 58 is measured by foe 
displacement converter 1 1 for the left front wheel. 
One end of the converter 11 is connected to the 
suspension arm 51 and the other end is fixed to 
the supporting member 52. Moreover, the un- 
sprung mass acceleration Is detected by an. un- 
sprung mass acceleration sensor IB for the left 
front wheel, which is attached in the proximity of 
one end of the suspension arm 51 for supporting 
the left front wheel 3. 

Each of the upper chamber 56 and the lower 
chamber 57 of the oil hydraulic actuator 54 is 
connected to the electromagnetic servo valve 23 
for the left front wheel via paths 60 and 61. The 
servo valve 23 constructs an oil hydraulic circuit 
which is composed of a reservoir 62 and a pump 
63. A high-pressure work ofl which is pressurized 
by the pump 63 is always supplied to the left front 
wheel servo valve 23. The work oil passes through 
a variable orifice formed in the servo valve 23 and 
returns to the reservoir 62. Since the variable ori- 
fice controls the flow rate of the work oil. the 
pressure difference between the upper chamber 58 
and the lower chamber 57 of the oil hydraulic 
actuator 54 can be intentionally controlled. When 
the left front wheel servo valve 23 is driven by the 
ECU 40, the piston 58 of the actuator 54 moves 
due to the pressure difference between the upper 
chamber 56 and the lower chamber 57, thereby the 
load applied between the vehicle body 2 and the 
left front wheel 3 can be controlled. 

The constitution of the ECU 40 is hereinunder 
described with reference to Rg. 5. The ECU 40 is a 
logic circuit substantially composed of a CPU 40a. 
a ROM 40b and a RAM 40c. Each of these ele- 
ments is interconnected to input/output (I/O) ports 
40e and 40f via a common bus 40d. 

The ECU 40 includes a signal conditioning 
circuit 40g being equipped with a buffer or a filter 
for signals detected by various sensors, a mul- 
tiplexer 40h for selectively inputting various signals, 
and an A/D converter 40I for converting an analog 
signal into a digital signal The detected signals are 
Inputted into the CPU 40a via the I/O port 40e. 

The ECU 40 further Includes drive circuits 40J, 
401c, 40m and 40n for the servo valves 23, 24, 25 
and 26, and also Includes a D/A converter 40p for 
converting a digital signal to an analog signal. The 



control signal outputted from the CPU 40a is trans- 
mitted to each of the above-mentioned drive cir- 
cuits 4Q§, 40k, 40m and 40n via the I/O port 40f and 
the D/A converter 40p. 

6 The relationship among various data (values) 

utilized in the suspension control in the first em- 
bodiment is set forth below with reference to Fig. 6. 

The displacement X1, X2, X3 and X4 of the 
suspension stroke for each of the wheels 3, 4, 7 

ro and 8, the load ft. f2, f3 and f4. and the unsprung 
mass acceleration Xu1» Xu2* Xu3 and Xu4 are 
respectively detected by the displacement convert- 
ers 11, 12, 13 and 14, by load sensors 15. 16. 17 
and 18. and by the unsprung mass acceleration 

J5 sensors 1-S* 20, 21 and 22. The longlfefdlnaS accel- 
eration Xcg of ihe center of gravity 3 of the vehicle 
body, the lateral acceleration Ycg and the yaw rate 
(yaw angular speed) y are respectively detected by 
the longitudinal acceleration sensor 29. the lateral 

20 acceleration sensor 30 and the yaw rate sensor 31. 
Moreover, the vehicle speed V and the steering 
angle e are respectively detected by the vehicle 
speed sensor 27 and the steering angle sensor 28. 
Based on the above-mentioned various vari- 

25 ables. movement patterns of the suspensions of 
the wheels 3. 4, 7 and 8 are first converted into 
four types of movement modes at the center of 
gravity G of the vehicle body. The four modes are 
as follows: heave, Le„ vertical vibration shown by 

30 an arrow H; pitch, i.e.. the rotating vibration around 
the transverse axis through the center of gravity G 
shown by an arrow Pi roll, i.e.* rotating vibration 
around the longftijrimal axis through the center of 
gravity G shown by an arrow R; and warp, Le. T 

35 twisting vibration in relation to the cflagnal axis 
through the center of gravity G of the vehicle 
shown by an arrow W. 

Next the target displacements at the center of 
gravity G responsive to each of the above-men- 

40 tioned four movement modes are calculated. 
Namely, target displacements of heave Hd. pitch 
Pd. roll Rd and warp Wd at the center of gravity G 
are calculated. Then, these target displacements 
Hd. Pd. Rd and Wd are converted into the target 

45 suspension stroke displacements Xd1, Xd2. Xd3 
and Xd4 for each of the wheels 3. 4, 7 and 8. The 
ECU 40 controls the servo valves so that each 
suspension stroke displacement equals the above- 
mentioned target value. In Fig. 6. wheel base, front 

so wheel tread rear wheel tread and the distance 
between the front axle and the center of gravity G 
are respectively shown by L, Tf, Tr and Xf. 

The suspension control process executed by 
the ECU 40 is hereinunder described In reference 

55 with the flow charts of Rgs. 7A and 7B. This 
process is repeatedly executed every predeter- 
mined time interval after the ECU 40 Is actuated. 
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At step 100 of Fig. 7K initialization is executed, 
namely, the entry of the RAM 40c is cleared and 
the initial values are set At step 110. anafog sig- 
nals from various sensors are converted into digital 
signals which are assigned to respective variables. 5 
The converted signals. i.e.. the suspension stroke 
displacements X1. X2. X3 and X4; the load ft, f2. 
f3 and f4; the unsprung mass acceleration Xui. 
Xu2, Xu3 and Xu4: the longitudinal acceleration 
Xcg, the lateral acceleration Ycg; the vehicle speed to 
V: the steering angle 9; and the yaw rate 7 are 
inputted at step 110. 

At the subsequent step 120. the present values 
of the heave displacement XHn. the pitch displace- 
ment XPn, the roll displacement XRn and the warp is 
displacement XWn at G are calculated based on 
the detected suspension stroke displacement X1, 
X2, X3 and X4 in accordance with the following 
formulas (3) through (6). 

XHn=X1+X2 + X3+X4 ..(3) 20 
XPn = {(X1 + X2) -(X3 + X4)} • AP1 ~.<4> 
XRn = (X1 -X2) • AR1 + fX3 -X4) • AR2 

(5) 

XWn - (X1 -X2) • AR1 -<X3 -X4) • AR2 ...(0). 
where 25 
AP1 = 1/L 

AR1 = (Xf/L) • (1/Tf) . 

AR2 - {(L -Xf)/L} • (1/Tr) 

At step 130, the heave speed DXH, the pitch 
speed DXP. the roll speed DXR and the warp 30 
speed DXW are calculated based on the present 
displacement (n) and the previous displacement (n- 
1) in accordance with the following formulas (7) 
through (10). 

DXH = XHn -XHn-1 ...(7) 0$ 

DXP - XPn -XPn-1 ...(8) 

DXR = XRn -XRn-1 .,.(9) 

DXW = XWn -XWn-1 .-(10) 
At step 140, the load F1 between the left front 
wheel 3 and the vehicle body 2. the load F2 to 
between the right front wheel 4 and the body 2, the 
load F3 between the left rear wheel 7 and the body 
2. and the load F4 between right rear wheel 8 and 
the body 2 are all calculated from the following 
formulas {1 1 ) through (1 4). *$ 

F1 * H -Mf • Xu1 ..(11) 

F2 = f2-Mf «Xu2 ...(12) 

F3 = f3-Mr *Xu3 ...(13) 

F4 = f4-Mr »Xu4 ...(14) 

In the above formulas, the mass Mf is obtained so 
by subtracting a predetermined certain mass mf 
from the actual front unsprung mass Mfd. In the 
same way, the mass Mr is obtained by subtracting 
a predetermined certain mass mr from the actual 
rear unsprung mass Mrd. Here the masses mf and 55 



mr are introduced in order to assume or simulate 
any desired unsprung mass. These masses are 
determined by experiments so that the vehicle Is 
assigned with desired suspension characteristics. 

At step 150, a heave load FH. a pitch torque 
FP, a roll torque FR and a warp torque FW in 
relation to the center of gravity Q are calculated by 
utilizing the above-calculated loads F1. F2. F3 and 
F4 in accordance with the following formulas (15) 
through (18). 

H = F1 + F2 + F3 + F4 ...(15) 
FP = (F1 + F2) • AP3 - (F3 + F4) ♦ AP4 
(16) 

FR = (F1 -F2) • AR3 + (F3 -F4) • AR4 

(17) 

FW = (F1 -F2) • AR3 -(F3 -F4) • AR4 ...(18). 
where 

AP3 - Xf 
AP4 = L -Xf 
AR3 = Tf/2 
AR4 a Tr/2 

At the subsequent step 160, the target dis- 
placements of heave Hd, pitch Pd and roll Rd in 
relation to the center of gravity are calculated in 
accordance with the following formulas (19) through 
(21) by utilizing the speeds DXH, DXP. DXR cal- 
culated at step 130. the load FH and the torques 
FP and FR calculated at step 150. 

Hd = AH5 • FH -AH6 • DXH ...(19) 
Pd = APS • FP -AP6 • DXP + APT • Xcg 
..(20) 

Rd = AR5 • FR -AR6 • DXR + AR7 • Ycg 

...(21) 

In the above formulas, 
AH5 = 1/KH 
AH6 = CH/KH 
APS * 1/KP 
AP6 = CP/KP 
AR5 * 1/KR 
AR6 * CR/KR 

KH: stiffness in the direction of heave H 

CH: damping coefficient in the direction of 
heave H 

KP: stiffness in relation to pitch P 
CP: damping coefficient in relation to pitch P 
KR: stiffness in relation to roll R 
CR: damping coefficient in relation to roll R 
AP7: longitudinal acceleration correction coeffi- 
cient 

AR7: lateral acceleration correction coefficient 
Here, the stiffnesses KH, KP, KR and the 
damping coefficients CH, CP, CR are predeter- 
mined by a course of development experiments so 
that the vehicle has desired suspension character- 
istics. 
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The subsequent step 170 of Rg. 7B follows the 
procedure set forth below. First a target yaw rate 
is determined by the vehicle speed V and the polar 
angle of steering e. Next a yaw rate correction 
coefficient Y is calculated by multiplying the de- 
tected yaw rate y by the yaw rate error. Le*. the 
difference between the target yaw rate and the 
actually detected yaw ratB 7. Then, the target warp 
Wd In relation to the center of gravity G is cal- 
culated by utilizing the warp speed DXW calculated 
at step 130, the warp torque FW calculated at step 
150 and the yaw rate correction coefficient Y In 
accordance with the following formulas (22) and - 
(23). 

Y * (AW1 * V r + AW2 _(22) 

Wd «= AW5 * FW -AWB * DXW * AWT - Ycg 
• Y -.(23), where 

AW5 = 1/KW 

AW9 - CW/ KW 

AW1: yaw rate gain 
AW2: correction coefficient for bad allotment 
between front and rear axles 

KW: stiffness In relation to warp W 

CW: damping coefficient in relation to warp W 

AW7: warp correction coefficient 

The stiffness KW and the damping coefficient 
CW in relation to warp W are also values predeter- 
mined in a course of development experiments 
with the above described values KH, KP, KR. CH, 
CP and CR 

At step 180, target suspension stroke displace- 
ment Xd1, Xd2. Xd3 and Xd4 for the corresponding 
wheels 3 ? 4, 7 and 8 are calculated in the following 
formulas (24) through (27) by utilizing the target 
displacements Hd, Pd. Rd and Wd at G calculated 
at steps 160 and 170. 

Xd1 = (1/4) ♦ {(Hd + AP8 • Pd) + (AR8 • Rd 
+ AR9 • Wd)} ...(24) 

Xd2 = (1/4) • {(Hd + AP8 • Pd) -(AR8 • Rd + 
AR9 • Wd)} ..-(25) 

Xd3 = (1/4) • {(Hd -AP8 • Pd) + (AR8 • Rd - 
AR9 * Wd)} --(26) 

Xd4 =» (1/4} • {(Hd -AP8 • Pd) -(AR8 • Rd - 
AR9 • Wd)} ...(27) 

where. AP8 = L = (1/AP1) 
AR8 = (L • TfVXf = (1/AR1) 
ARS = (L • Tr)/(L-Xf) = (1/AR2) 
At step 190, the drfferences X01. XQ2* X03 and 
X04 between each of the above-caJculated target 
displacements Xd1 . Xd2, Xd3 and Xd4 and each of 
the currently detected displacements X1. X2, X3 
and X4 are calculated based on the following for- 
mulas (29) through (30). 

X01 = A1 • (Xd1 -X1) + A10 _(28) 
X02 = A2 • <Xd2 -X2) + A20 _(29) 
X03 = A3 • (Xd3 - X3) + A30 _(30) 
XD4 a A4 • (Xd4 -X4) + A40 ...(31 ) T 
where the values A1, A2, A3 and A4 are gain 



co n st an t s determined by :he responsiveness of the 
oil hydraulic actuators, and the values A10, A20, 
A30 and A40 are offset constants determined by 
the target standard vehicle height 

s The process step then proceeds to step 196, 

where the voltages in response to each of the 
displacement errors X01. X02, X03 and X04 cal- 
culated at step 190 are outputted to each of the 
corresponding servo valves 23, 24, 25 and 26 of 

70 the suspensions 5. 6, 9 and 10. After step 195. the 
process step returns to step 1 10 of Rg. 7A. Thus, 
the present routine (steps 110 through 195) Is 
repeatedly executed. 

The timing charts of Fig. 8A through 8E show 

15 an example of the above-mentioned control routine, 
in' th^se timing charts, the vehlck* sp**?d V is kept 
constant, and various values are shown by the 
lapse of time when the vehicle is slaJoming with the 
same right and left steering angle. 

20 Since the steering angle and the yaw rate are 

small during the time period from TO to T1, it is 
determined that the vehicle is not under the turning 
condition and the allotments at the front and the 
rear axles of the shifting load between the left and 

25 the right wheels are set to be same. As a result 
the preset steering characteristic of the vehicle is 
maintained. 

At the time point T1, the delay of the yaw rate 
of the vehicle from the target yaw rate becomes 

30 large. To cope with this, the inner/outer (right/left) 
.shift load between the front wheels is set to be 
smaller than that within the rear wheels so that the 
cornering power of the front wheels is increased. 
Thus, the preset steering characteristic is changed 

35 to the oversteering side as shown in Fig. 8E. As a 
result, the responsiveness to the operational steer- 
ing angle 0 is improved and the yaw rate rapidly 
approaches to the target yaw rate as shown by a 
broken line in Rg. 8E. At the time point T2. the 

40 delay of the yaw rate is corrected and the actual 
yaw rate becomes equal to the target yaw rate. 
Then, the right/left shift load is equally shared 
between the front and the rear so as to restore the 
turning performance from the oversteering side to 

4S the preset steering state. If the turning performance 
of the vehicle is not changed, the delay of the yaw 
rate occurs as shown by a dashed line in Rg. 8C, 
which results in deteriorating the turning perfor- 
mance of the vehicle. 

50 At the time point T3, the wheels are steered in 
the opposite direction. At this time, the inner/outer 
shift load between the rear wheels is set to be 
smaller than that within the front wheels so as to 
increase the cornering power of the rear wheels. 

55 Thus, the turning performance of the vehicle is 
altered from the preset steering state to the under- 
steering side. As a result the vehicle is prevented 
from preceding the steering operation, namely. 
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overturning or spinning Is prevented. Accordingly, 
well-balanced turning can be realized. If the turning 
performance is not altered to the understeering 
side, the advance of the yaw rate occurs as shown 
by a dashed fine in Fig. 8C, thereby the stability of 
the vehicle deteriorates. 

At the time point T4 halfway through the stable 
turning, the right/left shift load is again equally 
shared between the front and the rear so as to 
restore the turning performance in the understeer- 
ing side to the preset steering state. After this, the 
Inner/outer shift load within the front wheels is set 
to be smaller than that within the rear wheels, and 
the turning performance is altered to the over* 
steering side. As a result at the time point T5, the 
actual yaw rate becomes equal to the target yaw 
rate. At the same time T5, the right/left shift load is 
again equally shared between the front wheels and 
the rear wheels so as to restore the turning perfor- 
mance from the oversteering side to the preset 
steering state. The alteration of the turning perfor- 
mance is repeatedly executed by controlling the 
front/rear allotment ratio of the inner/outer shift load 
in response to the change of the steering angle. 

In the first embodiment the suspensions 5, 6, 
9 and 10 correspond to the actuator M1 t and the 
speed sensor 21, the steering angle sensor 28 and 
the yaw rate sensor 31 correspond to the turning 
condition detection means M2. Moreover, the ECU 
40 and the control process steps 160, 170, 180, 
190 and 195 executed by the ECU 40 correspond 
to the control means M3, 

The outline of the operation of the first embodi- 
ment is repeated as follows: 

(1) the target dsplacements Hd, Pd, Rd and 
Wd of four movement modes, heave, pitch, roll and 
warp, at tho center of gravity G is calculated under 
the condition that the stiffness in four directions 
and the damping coefficient of the vehicle are 
previously set 

(2) the calculated four values are converted 
into the target displacement Xdl, Xd2. Xd3 and 
Xd4 of the suspensions 5, 6, 9 and 10; 

(3) the yaw rate correction coefficient Y in 
response to the turning condition Is calculated by 
multiplying the yaw rate error by the actual yaw 
rate so that the yaw rate approaches (or becomes 
equal) to the target yaw rate which is calculated 
based on the vehicle speed V and the steering 
angle 0; 

(4) the target warp Wd is calculated based 
on the above-calculated yaw rate correction coeffi- 
cient Y. 

According to the first embodiment, the 
inner/outer shift load within the front wheels be- 
comes smaller than that within the rear wheels at 
the beginning of steering, while the allotment ratio 
of the front wheels is larger than that of the rear 



wheels when the wheels are steered in the counter 
direction. The turning performance is altered from 
the preset steering state to the oversteering side at 
the beginning of steering. On the other hand, when 

5 the wheels are steered in the counter direction, the 
turning performance Is altered to the understeering 
side and then restored to the preset steering state. 
As a result at the beginning of steering, sharp 
turning as the driver desired is reafized, and a 

to stable steering condition can be maintained when 
the wheels are steered In the opposite direction. 
Thus, the turning performance is preferably 
changed in accordance with the steering condition. 
Since the turning performance of the vehicle 

15 varies in response to the steering angle, a com- 
plicated mechanism such as four-wheel-steering 
control Is not needed. Namely, the effect obtained 
by the suspension control for altering the front/rear 
allotment ratio of the inner/outer shift load is com- 

20 parable to the effect by four-wheel-steering control. 

For the calculation of the yaw rate correction 
coefficient Y, the yaw rate correction value ob- 
tained by multiplying the yaw rate by the yaw rate 
error is used. The turning performance of the ve- 

25 hide therefore smoothly changes as follows in re- 
sponse to the steering angle: 

oversteering -> preset steering — > under- 
steering -> preset steering 

As a result, the accuracy for controlling the vehicle 
so during steering is Increased, thereby maneuverabil- 
ity and stability of the vehicle can be improved. 

Since the target displacement of the suspen- 
sion stroke is calculated based on four movement 
modes, he., heave, pitch, roll and warp, especially 
35 considering warp, the degree of freedom in the 
suspension control is increased and stable vehicle 
attitude can be obtained. 

Moreover, the so-called active control is re- 
alized so as to restrain the change of the vehicle 
40 attitude and to improve the responsiveness of turn- 
ing. Thus, maneuverability and stability of the ve- 
hicle can be improved and the ride remains com- 
fortable. 

Next, the second embodiment of the present 
45 invention is described in detail in reference with 
Figs. 9A. 9B, 10A, 10B. 10C and 10D. 

The important difference between the first em- 
bodiment and the second embodiment is the term 
in the calculation of the yaw rate correction coeffl- 
50 cient Y. In the second embodiment the yaw rate 
correction coefficient Y is calculated by multiplying 
the yaw rate error by tfie lateral acceleration Ycg, 
while the yaw rate is utilized instead of the lateral 
acceleration Ycg in the first embodiment Since the 
65 systematic constitution and some values used in 
the suspension control of the first embodiment are 
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common to the second embodiment, these com- 
mon parts are denoted by the same numbers and 
symbols as used in the first embodiment and the 
explanation is also referred to the first embodiment 
Set forth below is the explanation of foe sus- 
pension control process routine of the second em- 
bodiment based on the flow charts of Rgs. 9A and 
9B. In mese flow charts, the process steps which 
are common to the first embocfiment are numbered 
by utilizing the fast two digits of the corresponding 
steps of the first embodiment The present suspen- 
sion control process routine is repeatedly executed 
every predetermined time interval after the ECU 40 
is actuated. 

RfSt Of Ell, trri fraBysrK on Is executed 2t Step 200, 

and the pr ocsss step proceeds to stop 210 where 
the signals detected by various sensors are input- 
ted. At the subsequent step 220, current cfisplace- 
ments of heave XHn, pitch XPn, roll XRn and warp 
XWn at G are calculated. At step 230, a heave 
speed DXH, a pitch speed DXP, a roll speed DXR 
and a warp speed DXW are calculated, and more- 
over, loads Ft. F2, F3 and F4 are calculated at 
step 240. At the fo Flowing step 250. a heave toad 
FH. a pitch torque FP, a roll torque FR and a warp 
torque FW at G are calculated. Furthermore,, target 
displacements of heave Hd, pitch Pd and roll Rd 
are calculated at step 260. 

Next, a target yaw rate is calculated from the 
vehicle speed V and the steering angle 0. By 
multiplying the yaw rate error ( i-e.. the difference 
between the target yaw rate) and the actual yaw 
rate y by the lateral acceleration Ycg, the yaw rate 
correction coefficient Y is calculated in accordance 
with the following formula (32). 

Y = (AVY1 * V • 0 -y) • Ycg + AW2 ... (32) 
By utilizing the above-calculated coefficient Y, a 
warp speed DXW and a warp torque FW, the target 
warp Wd at the center of gravity G is calculated at 
step 275. 

At the subsequent step 280, target displace- 
ments Xdl. Xd2, Xd3 and Xd4 of the suspensions 

5, 6, 9 and 10 are calculated. Next displacement 
errors X01. X02, X03 and X04. i-e-, the differences 
between the above-mentioned target displacement 
and the actual displacement are calculated at step 
290. The voltage in response to each of these 
errors X01, X02. X03 and X04 is outputted at step 
295. After this, the process step returns to step 
210. This process routine is repeatedly executed 
hereafter. 

In the second embodiment, the suspensions 5, 

6, 9 and 10 correspond to the actuator M1; the 
speed sensor 27. ths steering angle sensor 28. the 
lateral acceleration sensor 30 and the yaw rate 



sensor 31 correspond to the turning condition de- 
tection means M2; the ECU 40 and the process 
steps 260, 275. 280. 290 and 295 executed by the 
ECU 40 correspond to the control means M3. 

s Since the yaw rate correction coefficient Y is 

calculated by multiplying the yaw rate error by the 
lateral acceleration Ycg in the second embodiment 
the effect set forth below is obtained In addition to 
the effects featured in the first embocfiment One of 

io the additional effects is that the turning perfor- 
mance is swiftly changed from the preset steering 
state to the oversteering state at the beginning of 
steering, and also the turning performance is swift- 
ly altered to the understeering state when the 

75 wheels are steered in the opposite direction. The 

IVUHWI •**•£ UNO OOll WO UWIOUIVM H? «Ot «VlUf. 

Rgs. 10A through 10D are timing charts for this 
embodiment 

The lateral acceleration Ycg (shown by a 

20 broken line in Fig. 10B) occurs at a time point T11 
soon after a time point T10 when steering begins. 
At a later time point T12. the yaw rate y (shown by 
a dashed fine in Fig. 10C) develops- Therefore, the 
yaw rate correction coefficient Y (shown by a sofid 

zs line in Fig. 10O) calculated in the second embodi- 
ment starts increasing from the time point T11. On 
the other hand, the yaw rate correction coefficient 
Y (shown by a double dash-interrupted Dne In Fig. 
10D) calculated in the first embodiment starts in- 

30 creasing from the time point T12_ As a result in the 
second embodiment the turning performance of 
the vehicle is more swiftly changed to the over- 
steering side at the beginning of steering in com- 
parison with the first embodiment On the same 

35 manner, when the wheels are steered in the op- 
posite direction, the turning performance is swiftly 
changed to the understeering side. Thus, the delay 
time involved In the alteration of the turning perfor- 
mance can be shortened at the beginning of steer- 

<o ing or when the wheels are steered in the opposite 
direction. 

The lateral acceleration Ycg increases in pro- 
portion to the increase in the vehicle speed V when 
the steering angle a is constant The more the 

45 vehicle speed increases, the more the yaw rate 
correction coefficient increases, even though the 
yaw rate error is constant when the wheels are 
turned right or left Thus, the front/rear allotment 
ratio of the load shift between the inner and the 

so outer wheels largely changes In response to the 
vehicle speed. This is effective in improving ma- 
neuverability and stability when the vehicle turns 
during running in a high speed. 

The third embodiment is hereimmder de- 

55 scribed based on Rgs. 1 1 A through 14. 
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The prominent feature of the third embodiment 
different from the first embodiment is the way of 
calculating a target yaw rate. In the third ernbocfi- 
ment the target yaw rate is calculated from the 
steering angle, the vehicle speed, the square of the s 
vehicle speed and a preset understeering coeffi- 
cient based on the characteristic of the vehictei 
while in the first embodiment the target yaw rate is 
calculated by utilizing only the steering angle and 
the vehicle speed. Since the systematic constitu* to 
tton and values used for controlling suspensions of 
the third embodiment are common to the first em- 
bodiment, these common parts are denoted by the 
same numbers and symbols used in the first em- 
bodiment The explanation for these parts Is also is 
referred to In the first embodiment 

Figs. 11 A and 11B are flow charts showing the 
suspension control process utilized in the third 
embodiment The process steps which are com- 
mon to both the first and the third embodiments 20 
are numbered by using the last two cfigits of the 
step numbers used in the first embodiment The 
present suspension control process routine is re- 
peatedly executed every predetermined time inter- 
val after the ECU 40 is actuated. 25 

At step 300, the initialization is executed, and 
next the signals detected by various sensors are 
inputted at step 310. At the subsequent step 320, 
the current displacement of heave XHn, pitch XPn, 
roll XRn and warp XWn at G are all calculated. In 30 
addition, a heave speed DXH, a pitch speed DXP, 
a roil speed DXR and a warp speed OXW are 
calculated at step 330. At step 340, loads F1 , F2, 
F3 and F4 are calculated and the process step 
proceeds to step 350 at which a heave load FH, a 35 
pitch torque FP, a roll torque FR and a warp torque 
FW at G are calculated. At step 360, target values 
of heave Hd, pitch Pd and roll Rd are calculated. 

Next the target yaw rate is calculated from the 
vehicle speed V, the understeering coefficient Kh, 40 
the square of the vehicle speed V s and the steering 
angle 0. By multiplying the yaw rate error by the 
yaw rate 7. the yaw rate correction coefficient Y is 
calculated in accordance with the following formula 

(33). 45 

Y = [{V/(1 + Kh • V 9 )} • 0 • K1 -y ) • y • K2 

+ AW2 ...(33) 

Kh ... understeering coefficient 
K1 actual yaw rate correction coefficient 
K2 .~ yaw rate correction coefficient gain 50 
By utilizing the above-calculated yaw rate correc- 
tion coefficient Y, the warp speed DXW end the 
warp torque FW, the target warp Wd at the center 
of gravity is calculated at step 377. 

The understeering coefficient Kh is a positive 55 
value which is determined based on the char- 
acteristic of the vehicle. By adjusting the coefficient 
Kh, the change of the steering feeling in response 



to the change of the vehicle speed is controlled to 
be minimized. The actual yaw rate correction co- 
efficient K1 functions to maintain the Interrelation- 
ship between the vehicle speed and the steering 
effect based on the above-mentioned understeering 
coefficient Kh. The change of the actual yaw rate 
correction coefficient corresponds to the change of 
the steering gear ratio. The yaw rate correction 
coefficient gain K2 determines the change of the 
front/rear allotment ratio of the load shift between 
the Inner and the outer wheels when the actual yaw 
rate y Is different from the target yaw rate. 

At step 380, the target displacements Xd1, 
Xd2, Xd3 and Xd4 of the suspensions 5, S, 9 and 
10 are calculated, and then, the errors X01, X02, 
X03 and X04 between the target displacements 
and the actual displacements are calculated at step 
390. Thus, the voltage corresponding to each of 
the difference is outputted at step 395. After this, 
the process step returns to step 310. The present 
routine is repeatedly executed thereafter. 

In the third embodiment, the suspensions 5, 6, 
9 and 10 correspond to the actuator M1, and the 
vehicle speed sensor 27, the steering angle sensor 
28 and the yaw rate sensor 31 correspond to the 
turning condition detection means M2. The ECU 40 
and the process steps 360. 370, 380, 390 and 395 
executed by the ECU 40 correspond to the control 
means M3. 

As described before, the target yaw rate is 
calculated by utilizing the vehicle speed V, the 
understeering coefficient Kh, the square of the ve- 
hicle speed V s and the steering angle 0. As a 
result the effect as set forth can be obtained in 
addition to the effects obtained in the first embodi- 
ment Namely, the steering effect at slow speed is 
kept favorably, and also the steering effect in a 
high speed is prevented from overcompensation. 

As shown in Fig. 12, the target yaw rate in the 
first embodiment (shown by solid lines) is gradually 
saturated to a certain value or reduced. In the third 
embodiment, therefore, the difference of the steer* 
ing effect between high speed and slow speed is 
decreased. On the other hand, the target yaw rate - 
(shown by dashed lines) which is obtained by 
multiplying the vehicle speed V by the steering 
angle $ Increases in proportion to the increase in 
the vehicle speed V as described in the first em- 
bodiment Thus, desirable steering effect can be 
successfully obtained at a slow speed, and also an 
overcompensatory effect can be controlled at a 
high speed at the same steering angle e. Accord- 
ingly, in the third embodiment the turning perfor- 
mance under the high speed condition Is improved 
without impairing the maneuverability of the vehicle 
running at slow speed. Thus, the steady drive 
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feeling is assured regardless of the change of the 
vehicle speed. Especially, a feefing of imcom- 
patibUfty during driving at high speed is removed 
so as to realize a comfortable driving. 

The understeerfng coefficient Kh is determined 
based on the characteristic of the vehicle. As 
shown in Fig. 12* the smaller the coefficient be- 
comes, the more improved the maneuverability of 
die vehicle is. In addition, the larger the yaw rate 
correction coefficient gain K2 becomes, the higher 
the steering response is improved so as to make 
the yaw rate y approach the target yaw rate. 

In the third embodiment the yaw rate correc- 
tion coefficient Y Is calculated in accordance with 
the formula (33) shown at step 377 of Rg. IIS 
from the target yaw rate (calculated based on the 
vehicle speed V} the understeerirtg coefficient Kh. 
the square of the vehicle speed V 2 and the steering 
angle 0. However, it is possible to limit the cal- 
culated target yaw rate so as not to surpass the 
maximum tolerable yaw rate of the vehicle. Name- 
ly, the turning performance of the vehicle' is Emrted 
by the friction coefficient between the wheels and 
the road surface. For example, the friction coeffi- 
cient a between the rubber-made wheel and the 
dry asphalt road surface is approximately 0.9 - 
(experimental date). Under this condition, the great- 
est turning performance (or maximum lateral accel- 
eration Ycg) of the vehicle is at most 1 g - 
(gravitational acceleration 9.8 m/sec 2 ). The relation- 
ship among the lateral acceleration Ycg m/sec 2 . the 
yaw rate rad/sec and the vehicle speed V msec is 
shown by the following formula (33a). 
Ycg - T • V _(33a) 

Accordingly, the turning condition of the ve- 
hicle can be fixed within the limit of the turning 
performance, if the upper limit of the target yaw 
rate Yreq is fixed so that the lateral acceleration 
Ycg (the product of the target yaw rate Treq and 
the vehicle speed V) is not more than the gravita- 
tional acceleration. This Is realized by executing a 
series of process steps 377A in the flow chart of 
Rg. 13 instead of the process step 377 in Rg. 11 B. 

Each of the process steps 377a through 377e 
of 377A is now described. First at step 377a, the 
target yaw rate Yreq is calculated In accordance 
with the formula (33b). 

Yreq * {v/(1 + Kh • V 2 )} • B • K1 ...(33b) 

At the following step 377b, it Is determined 
whether or not the lateral acceleration which Is 
calculated by multiplying the target yaw rate Yreq 
shown in the above by the vehicle speed V is less 
flian a preset lateral acceleration constant Ka 
(which is (ess than the gravitational acceleration SJB 
m/sec 2 ). If the result is 'YES' (Ka < Yreq • V), the 
process step proceeds to step 377c; if 'NO* (Ka £ 
Yreq x V). the process step proceeds to step 377d. 
At step 377c, the target yaw rate Yreq is set by 



utilizing the target yaw rate calculated at step 377a, 
and the process step proceeds to step 377e. On 
the other hand, at step 377d, the target yaw rate 
Yreq is set by utilizing the maximum to re fable yaw 

s rate which is obtained by dividing the lateral accel- 
eration constant Ka by the vehicle speed V. Then, 
the process step proceeds to step 377e. At step 
377e, the yaw rate correction coefficient Y is cal- 
culated according to the following formula (33c) by 

to utilizing the target yaw rate Yreq which is set at 
either step 377c or 377d. 

Y = (Yreq -y ) • y • K2 + AW2 ~(33c) 
Moreover, the target warp Wd at the center of 
gravity is calculated based on the above-calculated 

75 yaw rats corrscfen cosfScssnt Y. 
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than the preset lateral acceleration constant Ka, the 
maximum tolerable yaw rate is determined as 
shown by a quadratic surface (drawn by sOd lines) 

20 in Fig. 14 in response to the change in the vehicle 
speed and the steering angle 0. The quadratic 
surface shown in Rg. 14 is an example when the 
lateral acceleration constant Ka is conformed to the 
gravitational acceleration (9.8 m/sec 2 ). On the other 

25 hand, when the understeering coefficient Kh is 
0.01, the target yaw rate calculated at step 377a 
becomes larger than the maximum torelable yaw 
rate as shown by the double-dash Interrupted One. 
For example, when the vehicle speed V is 60 km/h 

30 and the steering angle 0 is 180*. the target yaw 
rate Yreql calculated at step 377a is 50 deg/sec. In 
this case, the lateral acceleration calculated in the 
formula (33a) by utilizing the yaw rate Yreql and 
the vehicle speed V (60 km/h) becomes 14.54 

33 m/sec 2 - Namely, it becomes greater than the lateral 
acceleration constant Ka (9.8 m/sec 2 ). Accordingly, 
the target yaw rate Yreq is limited to the value 
Yreq2 (approx. 34 deg/sec) on the quadratic sur- 
face defining the tolerable yaw rate as shown in 

40 Rg. 14. 

When the lateral acceleration (the product of 
the target yaw rate and the vehicle speed V) be- 
comes larger than the lateral acceleration constant 
Ka. if the acceptable maximum yaw rate calculated 

45 by dividing the lateral correction constant Ka by 
the vehicle speed V Is used as the target yaw rate 
Y req, the difference between the target yaw rate 
Yreq and the actual yaw rate y is prevented from 
excessively increasing. Thus, the front allotment of 

so the load shift between the inner and the outer 
wheels is set so as not to be excessively small. 
Accordingly, the occurrence of spinning or wheel 
lifting of a inner rear wheel can be prevented, even 
though the steering angle Q is large. As a result, 

ss the stability of the vehicle during turning is im- 
proved. 
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When the steering angle B is small, satisfactory 
steering effect is assured. Besides when the steer- 
ing angle e is large, the stability of the vehicle is 
improved. 

Since ail of the four wheels are always in 5 
contact with the road surface, the suspension con- 
trol for adjusting the so-called active suspension 
control for controlling the front/rear allotment ratio 
of the bad shift between the Inner and the outer 
wheels can be favorably realized. to 

In the above-mentioned case, the lateral accel- 
eration constant Kg Is set equal to the gravitational 
acceleration 9.8 m/sec* as an example. For another 
example, the lateral acceleration constant Ka can 
be selected from preferable values less than the is 
gravlationai acceleration in response to the friction 
coefficient between the wheels and the road sur- 
face, or to the characteristic of the vehicle. 

The explanation of the fourth embodiment of 
this invention is set forth below in reference to 20 
Figs. 15 through 17. The prominent feature of the 
fourth embodiment is that the control is executed 
so as to maintain the predetermined turning perfor- 
mance even though the payload of the vehicle 
varies. When the vehicle is stationary or normally 25 
cruising, the load distribution on the front and the 
rear axles is detected, and the front/rear allotment 
ratio of the right/left load shift is controlled during 
turning in response to the axie load distribution. 
Since the systematic constitution of the fourth em- 30 
bodiment is the same as that of the first embodi- 
ment, the common parts are denoted by utilizing 
the numbers and symbols used in the first embodi- 
ment The explanation for those parts are also 
referred to the first embodiment ss 

The interrelationship among various values uti- 
lized in the fourth embodiment is set forth in refer- 
ence to Fig. 15. 

Displacements X1. X2, X3 and X4 of the sus- 
pensions for the wheels 3, 4, 7 and 8 are detected 40 
respectively by the displacement converters 11. 12, 
13 and 14. Each of loads fl, f2, f3 and f4 is 
detected by each corresponding load sensors 15, 
16, 17 and 18. A longitudinal acceleration Xcg and 
a lateral acceleration Ycg at the center of gravity G 45 
are respectively detected by a longitudinal accel- 
eration sensor 29 and a lateral acceleration sensor 
30. The vehicle speed V and the steering angle e 
are respectively detected by the vehicle speed 
sensor 27 and the steering angle sensor 28. so 

Based on the above-mentioned various data, 
the movement condition of the suspensions for 
each of the wheels 3, 4, 7 and 8 is converted into 
three types of movement modes at the center of 
gravity G of the vehicle. The three modes are as 55 
follows: heave, i.e., vertical vibration shown by an 
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arrow H; pitch, i.e., rotational vibration around the 
transverse axis through G shown by an arrow P; 
and roll, i.e., rotational vibration around the longitu- 
dinal axis through G shown by an arrow R. 

Next a difference (error) between the target 
values at the center of gravity G and the actually 
detected values are calculated in response to each 
of the above-mentioned three movement modes. 
Namely, a heave error Hdv, a pitch angle error 
Pdv, and a roll angle error Rdv are respectively 
calculated from a target heave Hreq, a target pitch 
angle Preq and a target roll angle Rreq. Moreover, 
the above-calculated errors Hdv, Pdv and Rdv are 
converted into the target displacements xdl. xd2. 
xd3 and xd4 of the suspension strokes at the 
wheels 3, 4, 7 and a The ECU 40 controls the 
servo valves so that each suspension stroke dis- 
placement becomes equal to the above-mentioned 
target displacement In Fig. 15, wheel base, front 
wheel tread and rear wheel tread are respectively 
denoted as L, Tf and Tr. 

The front/rear allotment ratio, which is repre- 
sented by RC of the inner/outer load shift which 
occurs due to the lateral acceleration during turning 
is calculated in accordance with the following for- 
mula (34). 

RC = [(Af1 -Af2y£(Af1 -Af2) + <Af3 -Af4)}] • 
100 ...(34) 

Af 1 : load change at the left front wheel 
Af2; load change at the right front wheel 
Af3: load change at the left rear wheel 
Af4: load change at the right rear wheel 
If only the stationary vibration is considered 
disregarding the damping term, the relationship 
between the displacement X of each wheel and the 
load change amount Af is shown in the following 
formula (35). 

X ■ Af/k .,.(35) 
k: spring constant 

The load shift allotment ratio, or roll stiffness 
allotment RC is determined by the load changes Af 
at the wheels. The load change Af can be varied 
by two kinds of methods set forth below. 

(1) the spring constant k is varied keeping 
the displacement X constant. 

(2) the displacement X is varied keeping the 
spring constant k unchanged. 

In the fourth embodiment the method (2) is 
utilized. Namely, the target displacements xd1, 
xd2, xd3 and xd4 for each of the wheels are 
calculated, and the servo valves 23, 24, 25 and 26 
of the suspensions 5, 6, 9 and 10 are driven so as 
to achieve the target displacements. The suspen- 
sion control is thus executed so that the front/rear 
allotment ratio of the inner/outer load shift during 
turning is altered to a desired value. 
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Rg. 16 is a flow chart showing the suspension 
control process routine executed by the ECU 40. 
Rg. 17 Is a flow chart showing the process routine 
of calculating roll stiffness allotment correction co- 
efficient Set forth below are the explanations for 
each of these process routines. 

The suspension control process routine shown 
in Rg. 16 is repeatedly executed every predeter- 
mined time interval after the ECU 40 is actuated. At 
step 400, the RAM 40c is cleared, and the pre- 
determined target values of heave Hreq, pitch an- 
gle P req, and roll angle Rreq are set Moreover, 
the roil stiffness allotment correction coefficient 
Wcomp is initialized at zero. At the subsequent 
step 410. the signals generated by the various 
soTiSors are A/Q converted assigned as the valueo 
of variables of the displacements X1, X2, X3 and 
X4 y the lateral acceleration Ycg and the vehicle 
speed V. 

Based on the above-mentioned displacement 
Xl r X2, X3 and X4, a heave H, a pitch angle P and 
a roll angle R at the center of gravity are calculated 
in accordance with the following formulas (36) 
through (38) at step 420. 

H = X1 + X2 + X3 + X4 _(36) 
P « {(X1 + X2) -<X3 + X4) • AP1 _(37) 
R = (X1 -X2) » AR1 + (X3 -X4) • AR2 -.(38) 
AR1 * pot.) • (1/TT) 
AR2 = {fL -XfyL} » (1/Tr) 
At step 430, a heave error Kdv. a pitch angle 
error Pdv and a roll angle error R dv are calculated 
in the foPowing formulas (39) through (41) by utiliz- 
ing the target values Hreq. Preq and Rreq set at 
step 400, and the heave H, the pitch angle P and 
the roll angle R calculated at step 420. 
Hdv = Hreq -H ...(39) 
Pdv = Preq -P .-(40) 
Rdv = Rreq -R ...(41) 

At the subsequent step 440, the target dis- 
placements xd1, xd2 t xd3 and xd4 of the suspen- 
sions 5, 6, 9 and 10 of the wheels 3, 4, 7 and 8 are 
calculated based on the above-calculated errors 
Hdv, Pdv and Rdv In accordance with the following 
formulas (42) through (45). 

xd1 = (1/4) *{(H dv + AP8 • Pdv) + (AR8 • 
Rdv Wcomp • Ycg)} ...(42) 

xd2 = ((1/4) ♦ {[Hdv + AP8 • Pdv) + (AR8 • 
Rdv + Wcomp Ycg)} .-(43) 

xd3 = ((1/4) • {[Hdv + AP8 • Pdv) + (AR8 • 
Rdv -Wcomp « Ycg)} -.(44) 

xd4 ■ ((1/4) ♦ {[Hdv + AP8 • P dv) + (AR8 • 
Rdv -Wcomp • Ycg)} -.(45), where 

AP8 = L = (1/AP1) 

AR8 = (L • Tf) /XJ =: (1/AR1) 

Ycg: lateral acceleration 



The roll stiffness allotment correction coeffi- 
cient Wcomp utilized in the above formulas is 
initialized to be 0 at step 400. and after that, is 
updated in accordance with the calculation process 

s steps described later. 

At step 450. the drive signals in response to 
each of the target displacements xdl, xd2. xd3 and 
xd4 calculated at step 440 are outputted to each 
corresponding servo valves 23, 24, 25 and 26 of 

io the suspensions 5. 6. 9 and 10, and the process 
step returns to step 410. The present suspension 
control routine is repeatedly executed thereafter. 

The process routine for calculating the mil stiff* 
ness allotment coefficient is now described in refer- 

is snce to the flow chart of Fig. 17. This routine is 
executed every predeteiTTiin&u time interval by the 
interruption. At step 500, it is determined whether 
the vehicle speed V is 0. If the vehicle speed is 0. 
the process step proceeds to step 510. while If not 

20 the process step proceeds to step 505. At step 505 
which is executed only when tine vehicle is moving, 
the timer t is reset to 0- Then, the present routine 
is terminated. 

On the other hand, when the vehicle is deter- 

25 mined to be stationary at step 500, step 510 is 
executed where the timer t is increased by 1. At 
the subsequent step 515, it is determined whether 
the time shown by the timer t is greater than or 
equal to the preset time treq. If the answer is *YES* 

so (t^treq), the process step proceeds to step 525; if 
'NO' (t< treq). the process step proceeds to step 
520. Namely, step 520 is executed when it is 
determined a preset time interval has not elapsed. 
At this step, the counter n is reset to O. and the 

35 process step returns to step 500. 

ff it is determined that the vehicle has been 
stationary at least for the time Interval of treq. the 
process step 525 is executed. At this step. A/O 
converted values of signals generated by the load 

40 sensors 15, 16, 17 and 18 are inputted as loads ft, 
f2, f3 and f4. At step 530. it is determined whether 
the value of the counter n is 0. If the answer is 
•YES*, the process step proceeds to step 535; if 
'NO*, it proceeds to step 550. At step 535. the 

45 initial values of the accumulated loads £F1, EF2. 
EF3 and EF4 of the wheels 3. 4. 7 and 0 are 
equaled with the loads ft, f2, f3 and f4 Inputted at 
step 525. At the subsequent step 540, the counter 
n is increased by 1 , and the process step proceeds 

so to step 545. At this step, it is determined whether 
the value of the counter n has attained a preset 
value N. If the result is 'YES', the process step 
proceeds to step 555. On the other hand, if the 
value of the counter n has not attained the value N. 

ss the process step returns to step 525, and then it 
proceeds to step 550 via step 530. At step 550, the 
loads ft. f2, f3 and f4 inputted at step 525 are 
added to tiie accumulated loads EF1, EF2. EF3 
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and EF4 as shown in the following formula (46) 
through (49). 

EF1 = EF1 + fi ..-(46) 

ZF2 = EF2 + f2 ...(47) 

EF3 - EF3 + f3 ...(46) 

EF4 » EF4 + f4 ...(49) 
After that, the value of the counter n is in- 
creased by 1 at step 540, and the process step 
proceeds to step 545. Such a processing loop from 
step 525 to step 545 Is repeated until the value of 
the counter n attains the value N. If the counter 
value attains N, step 555 is executed. At this step, 
mean values FF1 , FF2, FF3 and FF4 of the loads 
are calculated in accordance with the following 
formulas (50) through (53). 

FF1 « EF1/N ...(50) 

FF2 = EF2/N ...(51) 

FF3 = EF3/N ...(52) 

FF4 = EF4/N ...(53) 

At the subsequent step 560, the axle load 
distribution at the front axie Fr Is calculated In the 
following formula (54) by utilizing the mean loads 
FF1 , FF2, FF3 and FF4 calculated at step 555. 

Fr « (FF1 + FF2)/(FF1 + FF2 + FF3 + FF4) 
-..(54) 

Then, the process step proceeds to step 565 at 
which the roll stiffness allotment correction coeffi- 
cient Wcomp Is calculated in the formula (55) by 
utilizing the load distribution at the front axle Fr 
calculated at step 560. 

Wcomp = Fr • K .-(55) 

K: coefficient determined based on the 
dimensions of the vehicle 

Then, the present routine for calculating the roll 
stiffness allotment correction coefficient is conclud- 
ed. Thereafter, the present routine is repeatedly 
executed every predetermined time interval as be* 
gun. 

In the fourth embodiment the suspensions 5, 
6. 9 and 10 and the servo valves 23, 24, 25 and 26 
correspond to the actuator Ml. The load sensor 15, 
16, 17 and 18. the ECU 40 and the process steps 
535, 54, 545, 550, 555, 560 and 565 executed by 
the ECU 40 correspond to the turning condition 
detection means M2. Moreover, the ECU 40 and 
the process steps 430, 440 and 450 executed by 
the ECU 40 correspond to the control means M3. 

The fourth embodiment Is summarized as fol- 
lows: 

(1) the difference (errors) Hdv, Pdv and R dv 
between the target values and the actual values 
concerning heave, pitch and roll are calculated; 

(2) each of the calculated errors are con- 
verted into the target displacements xd1, xd2, xd3 
and xd4; 

(3) when the suspensions 5, 6, 9 and 10 are 
controlled based on the above-mentioned target 
displacements, the roil stiffness correction coeffi- 



cient Wcomp is calculated by utilizing the load 
distribution Fr at the front axle detected when the 
vehicle is stationary; 

(4) the above-mentioned target displace- 

5 ments xd1, xd2, xd3 and xd4 are corrected by 
utilizing the product of the roll stiffness correction 
coefficient Wcomp and the lateral acceleration Ycg. 

When the vehicle is turning, warp occurs in 
proportion to the lateral acceleration. When the 

io vehicle starts turning under the concfition that the 
front load distribution is large, e.g., when only a 
driver is sitting In the vehicle, the rear allotment 
ratio of the inner/outer load shift is increased In the 
fourth embodiment so as to prevent the turning 

75 performance from altering to the understeering 
state and thus to improve the maneuverability of 
the vehicle. On the other hand, when the vehicle 
starts turning under the condition that the rear load 
distribution Is large, e.g., when the seats are fully 

20 occupied or the trunk is carrying loads, the front 
allotment of the inner/outer load shift is increased 
so as to prevent the turning performance from 
altering to the oversteering state, thereby wheel- 
balanced turning is assured. Thus, the turning per- 

25 form an ce can be maintained in a desired condition 
even through the load distribution varies. As a 
result, maneuverability and stability of the vehicle 
can be improved 

Since the change of the turning performance 

30 due to the change in the load distribution can be 
controlled, there is no need to consider the respec- 
tive turning performance varying in response to 
various load conditions. Accordingly the scope of 
the suspension characteristic becomes wide and 

35 the degree of freedom for designing a suspension 
system is increased. 

The load distribution at the front axle Fr was 
calculated according to the following procedure. 
First, loads fl, f2, f3 and f4 of the wheels are 

40 accumulated N times. Next the mean values FF1, 
FF2, FF3 and FF4 are calculated. Based on these 
mean values FF1. FF2, FF3 and FF4. the load 
distribution Fr at the front axle is calculated. As a 
result, it becomes possible to eliminate the external 

45 turbulences, e.g., due to the fluctuation of the en- 
gine revolution, which is likely to occur during 
calculations of load. Accordingly, an accurate load 
distribution based on the mean values FF1. FF2, 
FF3 and FF4 with minimum errors can be obtained, 

so thereby improving of the calculation. 

The addition of the load was resumed when it 
is determined that at least the preset time interval 
treq has elapsed after the vehicle is stopped. The 
calculation was not executed under the condition 

65 that the load at the front axle is increasing due to 
an inertia immediately after braking, so that the 
load of each wheel under the normal condition can 
be accurately detected. 
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In the above explanation for calculating the roll 
stiffness allotment correction coefficient, the toad 
distribution is calculated by adding loads only In 
the case that the vehicle has been stationary at 
least for the time interval treq. However, rt is possi- s 
ble to calculate the load distribution when the ve- 
hicle is cruising on a flat road at a constant speed. 

Next the fifth embodiment is described based 
on Rgs. 18 and 19. The prominent feature of the 
fifth embodiment is that the control is executed so to 
as to maintain stability while the brake is applied 
during turning. Namely r when the turning condition 
is detected, the longitudinal acceleration is also 
detected, and the front/rear allotment ratio of the 
inner/outer load shift Is control in response to is 

the iCFiyi tuuifi ui uCCematfOn. Since the oyStdiuouC 

constitution of the fifth embodiment is almost the 
same as that of the first embodiment and the 
various values utilized for control in the fifth em- 
bodiment are common to those of the fourth em- so 
bodiment the common parts are denoted by the 
same numbers and symbols. The explanation is 
also referred to the first and the fourth embodi- 
ments, respectively. 

Fig. 18 Is a flow chart showing the suspension 25 
control process routine of the fifth embodiment 
This process routine is repeatedly executed every 
predetermined time interval after the ECU 40 is 
executed. 

At step 600. various dimensions of the vehicle. so 
the wheel base L, the distance Xf between the 
center of gravity G and the front axle, the front 
wheel tread Tf and the rear wheel tread Tr are read 
out from a ROM 40b. At step 610, the predeter- 
mined target values of heave H req. pitch angle 35 
Preq and roll angle Rreq are also read out At the 
subsequent step 620, various signals generated by 
various sensors are A/D converted and then input- 
ted. Namely, displacements X1.X2.X3 and X4. 
longitudinal acceleration Xcg and lateral accetera- 40 
tron Ycg are inputted. Then, tiie process step pro- 
ceeds to step 630 at which a heave displacement 
H. a pitch angle P and a roll angle R at the center 
of gravity Q are calculated based on the detected 
suspension stroke displacements XI, X2, X3 and 45 
X4 In accordance with the following formulas (56) 
through (S3). 

H = X1 + X2 + X3 +X4 _(56) 
P = {<X1 + X2> -<X3 + X4)} • API ...(57) 
R = (X1 -X2) * AR1 + (X3 - X4) • AR2 60 

(58) 

AP1 = 1/L 

AR1 * (XffL) • (1/Tf) 

AR2 = {(L -Xf)/L} • (1/Tr) 

At step 640, the difference (error) between the 55 
target values Hreq, Preq and Rreq set at step 610 
and the heave H, the pitch angle P and the roll 
angle R, namely, a heave difference Hdv.a pitch 



angle difference Pdv and a roll angle difference 
Rdv are calculated as shown in the following for- 
mulas (59) through (61). 

Hdv = Hreq -H ~(59) 

Pdv = Preq -P ...(60) 

Rdv = Rreq -R ...(61) 

By utilizing the above-calculated errors Hdv, P 
dv and Rdv. target displacements xd1, xd2, xd3 
and xd4 of the suspensions 5, 8. 9 and 10 for the 
wheels 3. 4. 7 and 8 are calculated at step 650 in 
accordance with the following formulas (62) through 
(65). 

xd1 = (1/4) • {(Hdv + AP8 • Pdv) + (AR6 • 
Rdv + KK • Xcg • Ycg) -.(62) 

Xd2 = (1/4) © {{Hrfv APS « Pdv) -(AR8 * Hdv 

i\rs » /\Cy • i Cy; — \«o/ 

xd3 = (1/4) • {(Hdv -AP8 • Pdv) + (AR8 • Rdv 
+ KK • Xcg ♦ Ycg) ...(64) 

xd4 = (1/4) • {(Hdv -AP8 • Pdv) -(AR8 • Rdv 
+ KK • Xcg • Ycg) ...(65) 

AP8 = L = (1/AP1) 

AR8 = (L.TfyXf * (1/AR1) 

KK: a constant based on the dimensions of the 
vehicle 

In this case, the longitudinal acceleration Xcg is set 
to be positive when decelerating and the lateral 
acceleration Ycg is set to be positive when the 
vehicle is turning clockwise. 

At step 660, drive signals in response to the 
target displacements xd1, xd2, xd3 and xd4 cal- 
culated at step 650 are outputted to the servo 
valves 23. 24, 25 and 26 of each corresponding 
suspensions 5. 6, 9 and 10. Then, the process step 
returns to step 620. After this, the present suspen- 
sion control process routine (steps 620 -660) is 
repeatedly executed. 

One example of the above-mentioned control 
process is set forth below In reference to the timing 
charts of Rgs. 19A through 19F. At a time point 
T21, the vehicle starts turning clockwise, and the 
lateral acceleration Ycg develops. At this time, the 
load shifts from the inner wheels (the right wheels) 
to the outer wheels (the left wheels). As a result, 
the load fl on the left front suspension and the 
load f3 on the left rear suspension increases, while 
on the other hand, the load f2 on the right front 
suspension and ths load f4 at the right front sus- 
pension decreases as shown by Rgs. 19A and 
19B. At a time point T22, the brake is applied to 
the vehicle, and the longitudinal acceleration - 
(deceleration) Xcg develops. As a result the load 
on the front wheels increases and the load on the 
rear wheels decreases. In this case, if the influence 
of the longitudinal acceleration Xcg is not consid- 
ered, the load f4 on the right rear suspension 
markedly decreases as shown by a dashed line in 
Rg. 19B; the right rear wheel is therefore apt to be 
locked. In the fifth embodiment, when the longrtudi- 



15 




2d 0 236 947 30 



rial acceleration (deceleration) occurs, the front al- 
lotment of the load shift between the Inner/outer 
wheels Is increased. Namely, the load shift from 
the right front wheel to the left front wheel Is 
increased, and the load to shift from the right rear 
wheeJ to the left rear wheel is decreased by either 
adding or subtracting the term *KK ♦ Xcg ♦ Ycg' as 
shown in the formulas (62) through (65). Accord- 
ingly, the loads ft, f2, f3 and f4 of the suspensions 
are controlled as shown In the solid Ones in Rg. 
19D so as to Dmlt the decrease in the load f4 on 
the right (inner) rear wheel suspension. The right 
rear wheel Is thus prevented from being locked. 
When the vehicle turns counterclockwise, the con- 
trol for limiting the decrease in the load f3 at the 
left rear wheel is executed. 

In the fifth embodiment the suspensions 5, 6, 
9 and 10 and the servo valves 23, 24, 25 and 26 
correspond to the actuator M1. The longitudinal 
acceleration sensor 29 corresponds to the turning 
condition detection means M2. Moreover, the ECU 
40 and the process steps 640, 650 and 660 ex- 
ecuted by the ECU 40 correspond to the control 
means M3. 

As described hereinbefore, In the fifth embodi- 
ment the heave error Hdv, the pitch angle error 
Pdv and the roll angle error Rdv are calculated and 
they are converted into the target displacements 
xd1, xd2 r xd3 and xd4 of the suspensions 5, 6. 9 
and 10. To control the suspensions in response to 
the above-mentioned target displacements xd1, 
xd2, xd3 and xd4, the target displacements during 
turning are calculated by utilizing the longitudinal 
acceleration Xcg. If the brake is applied during 
turning, the front allotment of the inner/outer load 
shift is increased. Therefore, by controlling the 
decrease of the load at the inner rear wheel, the 
inner rear wheel is prevented from being locked. 
Thus, the stability is improved while the brake is 
applied during turning. 

Since the front/rear allotment ratio of the 
inner/outer load shift is controlled onfy in the case 
that the longitudinal acceleration Xcg and the lat- 
eral acceleration Ycg occur, the vehicle is relieved 
from the problems, e.g., the decrease of braking 
effect during cruising or the deterioration of maneu- 
verability during turning at a slow speed. As a 
result, the stability of the vehicle Is Improved. 

As for a front-engine front-drive vehicle, the 
difference of the load between the right and left 
front wheels decreases as the rear allotment of the 
load shift between the inner/outer wheels increases. 
Thus, the acceleration slip of the inner front wheel 
during turning can be prevented so as to provide 
satisfactory acceleration efficiency. 



On the other hand, as for a front-engine rear- 
drive vehicle, if the absolute value of the longitudi- 
nal acceleration Xcg calculated In the formulas - 
(62) through (65) is utilized, the front allotment of 

5 the inner/outer load shift increases while accelerat- 
ing during turning. Thus, the difference of the load 
between the right/left rear wheels decreases, there- 
by the acceleration slip of the inner rear wheel can 
be prevented during turning. Accordingly the stable 

10 acceleration can be realized during turning. 

Obviously, numerous modifications and vari- 
ations of the present invention are possible in the 
light of the above teachings. It is therefore to be 
understood that within the scope of the opened 

is claims, the invention may be practiced otherwise 
than as specifically described herein. 



Claims 

20 

1. A controller for suspensions of a vehicle, 
comprising: 

an actuator provided between the body and 
every wheel of the vehicle; 
2S means for sensing a turning condition of the 

vehicle, the turning condition including a steering 
angle; and 

control means responsive to the sensed turning 
condition for driving the actuators in order to con- 
so trol the allotment ratio between the front and the 
rear axles of the load shift between the right and 
the left wheels. 

2. The suspension controller according to claim 
1, wherein the front axle is allotted with a smaller 

35 load shift when the vehicle is sensed to begin 
turning, while the rear axle is allotted with a smaller 
load shift when the steering operation is reversed. 

3. The suspension controller according to claim 
1 , wherein the control means controls the allotment 

40 ratio so that the sensed turning condition ap- 
proaches a target condition. 

4. The suspension controller according to claim 
1, wherein the sensing means senses, besides the 
steering angle, a vehicle speed and a yaw rate of 

46 the body, and the control means controls the allot- 
ment ratio so that the sensed yaw rate approaches 
a target yaw rate which is calculated from the 
sensed steering angle and the sensed vehicle 
speed. 

so 5. The suspension controller according to claim 
1 . wherein the sensing means senses, besides the 
steering angle, a vehicle speed and a yaw rate of 
the body, and the control means controls the allot- 
ment ratio during turning on the basis of a criterion 

55 value, the criterion value being a product of the 
sensed yaw rate and an error of the sensed yaw 
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rate from a target yaw rate which is calculated from 
the sensed steering angle and the sensed vehicle 



6. The suspension controller according to claim 
t, wherein the sensing means senses, besides the 
steering angle, a vehicle speed, a yaw rate and a 
lateral acceleration of the body, and the control 
means controls the allotment ratio during turning on 
the basts of a criterion value, the criterion value 
being a product of the sensed lateral acceleration 
and an error of the sensed yaw rate from a target 
yaw rate which is calculated from the sensed steer* 
tng angle and the sensed vehicle speed. 

7. The suspension controller according to claim 
1, wherein the sensing means senses, besides the 
steering angle, a vehicle speed and a yaw rate of 
the body, and the control means controls the allot* 
merit ratio during turning on the basis of a criterion 
value, the criterion value being a product of the 
sensed yaw rate and an error of the sensed yaw 
rate from a target yaw rate which is calculated from 
an understeer setting coefficient derived from the 
sensed steering angle, the sensed vehicle speed, a 
square of the sensed vehicle speed and char* 
acteristics of the vehicle* 

8. The suspension controller according to claim 
4. wherein the target yaw rate is determined at a 
preset limit yaw rate which is derived from the 
sensed vehicle speed and a preset tolerable lateral 
acceleration in turning, when the calculated target 
yaw rate is greater than the preset limit yaw rate. 

9* The suspension controller according to claim 

mioioiii u» xm vjvjc j an 
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preset limit yaw rate which is derived from the 
sensed vehicle speed and a preset tolerable lateral 
acceleration in turning, when the calculated target 
yaw rate is greater than the preset limit yaw rate. 

10. The suspension controller according to 
claim 6, wherein the target yaw rate is determined 
at a preset limit yaw rate which is derived from the 
sensed vehicle speed and a preset tolerable lateral 
acceleration in turning, when the calculated target 
yaw rate is greater than the preset limit yaw rate. 

11. The suspension controller according to 
claim 7. wherein the target yaw rate is determined 
at a preset limit yaw rate which Is derived from the 
sensed vehicle speed and a preset tolerable lateral 
acceleration In turning, when the calculated target 
yaw rate is greater than the preset limit yaw rate. 

12. The suspension controller according to 
claim 1, wherein the control means control the 
allotment ratio during turning on the basis of a load 
distribution of the vehicle, the load distribution be- 
ing determined when the vehicle is not turning. 

13. The suspension controller according to 
claim 12, wherein the rear axle is allotted a larger 
load shift when the load distribution at the front 
axle Is determined to be greater than at the rear 
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axle, while the front axle is allotted with a larger 
load shift when the load distribution at the rear axle 
is determined to be greater than at the front axle. 

14. The suspension controller according to 
claim 1. wherein the sensing means senses, be- 
sides the steering angle, a longitudinal acceleration 
of me body, and Ihe control means controls the 
allotment ratio during turning on the basis of the 
sensed longitudinal acceleration. 

15. The suspension controller according to 
claim 14, wherein the front axle is allotted a larger 
toad shift when the sensed longitudinal acceleration 
is negative, while the rear axle is allotted with a 
larger load shift when the sensed longitudinal ac- 
ceieraircn is positive. 
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